Our aim was to determine whether abnormalities noted on MRI immediately after reduction for developmental dysplasia of the hip could predict the persistance of dysplasia and aid surgical planning. Scans of 13 hips in which acetabular dysplasia had resolved by the age of four years were compared with those of five which had required pelvic osteotomy for persisting dysplasia. The scans were analysed by two consultant musculoskeletal radiologists who were blinded to the outcome in each child.
Our aim was to determine whether abnormalities noted on MRI immediately after reduction for developmental dysplasia of the hip could predict the persistance of dysplasia and aid surgical planning. Scans of 13 hips in which acetabular dysplasia had resolved by the age of four years were compared with those of five which had required pelvic osteotomy for persisting dysplasia. The scans were analysed by two consultant musculoskeletal radiologists who were blinded to the outcome in each child.
The postreduction scans highlighted a number of anatomical abnormalities secondary to developmental dysplasia of the hip, but statistical analysis showed that none were predictive of persisting acetabular dysplasia in the older child, suggesting that the factors which determine the long-term outcome were not visible on these images.
Closed or open reduction in developmental dysplasia of the hip (DDH) is undertaken to facilitate normal development. 1 However, some of those who undergo reduction still fail to develop a satisfactory acetabulum. Children with persisting acetabular dysplasia are commonly treated surgically since dysplasia has been shown to be associated with pain and degenerative change in early adult life. 2 Our aim was to identify whether or not abnormalities seen on MRI immediately after reduction of the hip were predictive of longterm dysplasia. The advantages are that there is no need for serial pelvic radiography to assess the acetabular index, parents could be given a clear prognosis and pelvic osteotomy could be planned with confidence at an early stage.
Patients and Methods
Since 1999, all children at our hospital with displacement of the hip secondary to DDH have had MRI, while in their hip spica cast on the same day as their closed or open reduction was performed, in order to confirm satisfactory reduction of the joint. [3] [4] [5] We compared the MR scans of a group which had a good outcome with those in which the acetabulum failed to develop normally. Our statistician confirmed that the review fulfilled the requirements to be classed as a prospective study. Patients excluded from the study were those over two years of age at the time of reduction, those in whom technical problems such as a movement artefact precluded detailed analysis of the MR scan, those in whom loss of reduction occurred within the hip spica and those who remained dysplastic but had not been followed up until four years of age. All the patients treated in our unit who fail to show satisfactory acetabular development by the age of four years undergo osteotomy at this stage.
Between 1999 and 2005, reduction under general anaesthesia was required for 30 displaced hips in our unit. Children presenting over the age of eight months (eight hips) did not receive any other treatment such as the use of a Pavlik harness, before reduction under general anaesthesia. The hips of all children presenting before eight months of age (ten hips) had initial treatment with a Pavlik harness. If clinical examination indicated that the hip was reduced, the harness was used for one week. The reduction and stability of the hip were reassessed clinically and by ultrasound. Some of the patients in the study had hips which were irreducible and use of the harness was not continued. Others were unstable despite treatment with the harness for one or two weeks and therefore its use was abandoned.
After reduction under general anaesthesia, all the hips were managed in a hip spica cast. In those who had open reduction (three hips) treatment in a cast continued for six weeks. Those with a closed reduction (15 hips) retained the cast for approximately six months depending on the surgeon's preference. After applying the exclusion criteria outlined above, 18 hips (16 patients) were eligible for the study. They were divided into two groups for comparison. Details of age, gender, age at reduction, method of reduction, whether tenotomies were performed, and the length of time in a hip spica, are given in Table I .
Between 1999 and 2002, 13 of the 18 hips treated by reduction under general anaesthesia went on to develop a normal acetabulum. These were called the resolving dysplasia group. The last patients eligible for inclusion in this group underwent reduction in 2002 since this allowed follow-up to the age of four years.
Between 1999 and 2005, five of the 18 hips required a Salter-type pelvic osteotomy 6 for persistent acetabular dysplasia. These formed the persisting dysplasia group. Initially, all had a successful closed reduction under anaesthesia. The patients in this group did not have to be followed up to the age of four years since the pelvic osteotomy was taken as the end-point of the study. As a result, patients in this group may have undergone reduction of the hip at any time between 1999 and 2005. The decision to perform a pelvic osteotomy before the age of four years was made if, after open or closed reduction and treatment in a hip spica cast, the persisting dysplasia was seen to be deteriorating on serial follow-up radiographs.
The MR scans were analysed independently by two consultant musculoskeletal radiologists (JCH, JCL) who were blinded to the outcome of each child. Between 1999 and 2003, the scans were performed on a Siemens Somaton Impact Expert 1.0 Tesla MR scanner (Siemens Medical Solutions, Erlangen, Germany). In 2003, the scanner was upgraded to a 1.5 Tesla machine (Siemens Somaton Symphony 1.5T; Siemens Medical Solutions). In all patients, the following sequences and parameters were used:
1 Analysis was performed on the MRI workstation and note was made of a number of specific points which were thought to be predictive of long-term acetabular dysplasia. The measurements included those recommended by Duffy et al 7 and comprised the shape of the cartilage anlage, the bony acetabular index, acetabular anteversion, lateral displacement resulting from panniculus, a thickened transverse ligament and whether the acetabular labrum was in a normal position or folded into the joint. The workstation was used to apply lines to each image and to measure the appropriate angles automatically (Fig. 1) . The final decision as to whether the acetabular dysplasia had resolved by the age of four years was taken by one of two consultant paediatric orthopaedic surgeons (SE, AH) based on sixmonthly serial plain radiographs of the pelvis. Statistical analysis. This was undertaken to identify whether any of the abnormalities noted on the MR scans after reduction was predictive of the subsequent need for pelvic osteotomy. Comparisons of the presence or absence of a variable (i.e., labral position) were analysed by Pearson's chisquared test and of continuous data (all other measurements) by the Mann-Whitney U test. For continuous data, the median and 25th and 75th percentiles were given. The mean and SD were not used since it could not be determined whether the data were normally distributed about the mean.
Results
The data for the two groups are summarised in Tables II  and III and examples of the pathology seen on MRI are shown in Figures 2 and 3 .
Statistical analysis failed to demonstrate any difference in the two groups. They could clearly not be randomised on account of the nature of the study and therefore there was potential for them to be dissimilar and thus make comparison difficult. However, there was no statistical difference between the gender, age at reduction, method of reduction, use of tenotomies and length of time in the hip spica. Analysis also showed that none of the abnormalities noted on MRI had a statistically significant predictive value with regard to persistent acetabular dysplasia. This was because of the wide spread of the data which overlapped to a large degree between the groups. Some measurements such as the bony acetabular index (Mann-Whitney U test, p = 0.70), a thickened pulvinar (Mann-Whitney U test, p = 0.70) and acetabular anteversion (Mann-Whitney U test, p = 0.85) were clearly very similar between groups. Other measurements such as the thickness of the transverse ligament (Mann-Whitney U test, p = 0.08) and the cartilaginous acetabular index (Mann-Whitney U test, p = 0.17) appeared to be closer to statistical significance. A rigorous assessment was then undertaken by a senior statistician (who is not an author) to determine whether a larger sample size might have enabled these factors to be used to differentiate the two groups. Since power analysis is not recommended for samples of this size, a receiver operating characterisation curve analysis was performed for each variable under investigation. This highlighted the broad spread of overlapping data in both groups. The conclusion was that however large a patient group was used, there would be no clinically significant difference between the groups for any of these variables. A much larger sample size might have demonstrated a statistically significant difference between the means. However, the broad spread of the data meant that there was not a clinically useful cut-off point for any variable which would allow a clinician to determine the prognosis for dysplasia in any particular patient.
Discussion
In 2002 Duffy et al 7 studied the potential of MRI for predicting the prognosis for acetabular dysplasia after surgical management of DDH. They examined the changes in the concentricity of reduction in the first year after surgery and therefore their aims were somewhat different from those of our study. However, they commented that they were unable to predict the outcome from the initial MR scan.
Although our study had a smaller number of patients than that of Duffy et al, 7 we believe that it adds to our knowledge in this field. Its principal aim was to try to identify predictive features on the initial scan which might be used to determine the prognosis for acetabular development. We followed the patients up to well-defined end-points, namely, either pelvic osteotomy for persisting acetabular dysplasia or resolution of dysplasia by the age of four years. This allowed statistical analysis to be made of possible prognostic factors between the two groups. We used computerised imaging software rather than tracing paper and pencil since we considered this to be easier to use and less prone to error.
The technique which we employed showed that a variety of anatomical changes was present in the dysplastic hip. Others have pointed out many of these in the past. 8, 9 MRI has also shown that dysplasia in the cartilaginous anlage tends to improve over the first year after reduction. 7 It is the best method for studying the soft-tissue structures of the developing hip. We were able to avoid the need for general anaesthesia by scanning the children in their hip spica, using a quick imaging protocol.
The findings of our study were unexpected, although they confirmed the previous comments by Duffy et al. 7 We anticipated that certain anatomical abnormalities in the dysplastic hip would be associated with a good or poor outcome. For example, it would be expected that the most dysplastic cartilage anlage would be most likely to lead to the greatest failure of development of the acetabulum, and that an inturned labrum would hinder normal development of the acetabulum. However, this did not appear to be the case. We were unable to identify any anatomical features which could predict whether the acetabulum would or would not remain dysplastic. This lack of statistical significance between the two groups was not a consequence of the limited sample size. Close inspection of the median and 25th and 75th percentiles in both groups showed that there was considerable overlap for the values of every analysed variable. As a result, dramatically increasing the sample size would not have identified a variable which could reliably have predicted the outcome of acetabular development.
It would appear, therefore, that it is not the anatomy of the hip which predisposes to dysplasia. It is the underlying cause of that dysplasia which produces the abnormal anatomy. Theoretical underlying causes include deficient growth factors or chemoreceptors in the cartilage anlage, dysfunctional chondrocytes or even abnormal muscle activity which may alter the biomechanics of the dysplastic hip.
Our study has highlighted a number of abnormalities in the dysplastic hip shortly after reduction. These include bony and cartilaginous dysplasia, acetabular anteversion, an infolded or globular labrum and thickening of the pulvinar and transverse ligament. However, none appear to be able to predict which hips will remain dysplastic and require pelvic osteotomy. The cause of persisting dysplasia after reduction was not identifiable on static postreduction MR scans.
